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ABSTRACT

Though other categorizations of learning styles have been widdy studied, few researchers have
compared learning dyles, as categorized by Gregorc, to undergraduate student achievement in
agricultural economics courses.  Moreover, few sudies have explored the affects of ingructiond
drategies, in concert with learning dyles, on student achievement. This study does S0, using
data generated from an undergraduate course in agricultura economics. Results indicate tha
active learning and problem-based learning techniques, as a supplement to the traditiona lecture
forma, can dgnificantly and postively influence sudent learning.  Additiondly, sudents
leaning dyles gSgnificantly affect their performance in an introductory course in agriculture,
resources, and food.
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LEARNING STYLES, STUDENT-CENTERED
LEARNING TECHNIQUES, AND STUDENT PERFORMANCE:
AN EMPIRICAL STUDY

Introduction

A sudent’s learning style reflects the manner in which he or she assmilates, processes,
and recdls information (Whittington and Raven). Diversty in learning styles underscores the
need for indructors in higher education to incorporate a variety of teaching methods, curriculum
materials, and assessment techniques to foster and support the process of learning (Torres and
Cano). Anderson and Adams, for example, chalenge educators to recognize learning styles as a
ggnificant source of diversty in the cdassoom and to improve teaching methods accordingly.
Many researchers have suggested that their preferred way of learning influences student
achievement, learning, and interaction with faculty and classmates.

A vaidy of psychometric ingruments have been developed to determine an individud’s
learning style, indluding the Gregorc Style Ddinestor™  (GSD).  Gregorc's instrument is based
on mediation abilities theory, which daes that our minds recelve, process, and express
information through channels in an efficdent way. Mediaion &bilities indude perception and
ordering (Gregorc). Perception is described on a continuum between concrete and abstract, and
relates to how a person receives information. In contrast, ordering relates to how one arranges
and usesinformation. Gregorc suggests an ordering continuum from sequentia to random.

These ddilities trandate into four different mind dyles  concrete sequentid (CS), concrete

random (CR), abstract sequentia (AS), and abstract random (AR). *

! For a detailed description of the four Gregorc styles and students’ related instructional delivery preferences, see
Schmidt and Javenkoski.



While fidd-dependencelindependence is the most extensvely dudied learning syle
characterization, limited empiricd results rdaing to GSD-desgnaed learning styles and student
achievement in introductory courses suggest an opportunity for further inquiry. Harasym e 4.
found no rdaionship between learning dyle and dudent achievement in an introductory
anaomy and physiology course. In fact, the authors questioned the vdidity of the GSD. The
lack of empiricd results is paticularly griking for course offerings in Colleges of Agriculture.
In ther sudy, Schmidt and Javenkoski found few dggnificant differences among Sudent ratings
of gx ingructiond drategies based on GSD-determined learning style. However the class as a
whole believed the use of a combination of teaching methods in an introductory course in food
scence and human nutrition was effective. Also, no dSgnificant differences in course grades
were observed.

Studies rdating characteritics of dudents, ther learning dyles, and key indtructiond
methods are dso limited. Students in an introductory anima sciences course demonstrated no
ggnificant variation in peformance or perceptions of teaching performance based on ther
preferred means of learning (Garton et d.). Usng data from students enrolled in sdlected animd
stience courses, Hoover and Marshdl investigated the rdationship between certain student
characterigtics (e.g., gender, academic mgor) and learning style, though their study did not
consder student performance. Schmidt and Javenkoski’s recent study explores student responses
to gx different indructiond drategies used in a food science and human nutrition course. Daa
from a limited sample of freshmen enrolled in an introductory agricultural economics course
showed no dgnificant variation in test peformance and overdl perceptions of lecture and
multimedia ingruction based on learning style (Marrison and Frick). The writer Thomas Carlyle
origindly described economics as “the disma science” As such, indructors use of teaching
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drategies in agricultural  economics may be paticularly important toward fostering student
learning of such potentidly “dreary” subject matter.

The purpose of this study is to explore the relationship anong learning styles, key student
characteristics, and sdlected teaching drategies on student performance in an  introductory
agriculturd  economics course. Teaching drategies conddered include such  sudent-centered
learning activities as smdl group problem/case andyss, active learning techniques, a class web

page, computer-based individua problem solving, and aweb-based “mastery” test.

Methods

The Gregorc Style Delineator was administered to 186 undergraduate students enrolled in
the Economics of Resources, Agriculture and Food (ACE 100) in the College of Agriculturd,
Consumer and Environmental Sciences at the Universty of lllinois & Urbana-Champaign in the
fal semester of 1999. The course is designed to introduce students in the college to fundamentd
principles of microeconomics and macroeconomics.  Concepts relating to demand, production
and supply, dadticity, markets, and trade are presented and applied in the analyss of decisons
regarding growth and development, resources, trade, the environment, policy, and agribusiness.

A dudent-centered learning environment was fodtered, usng a variety on ingructiond
methods, to promote a solid underganding of basis economic concepts fundamenta to student
success in subsequent course offerings. A series of web-based exercises/problems  were
avalable to dudents to supplement the classoom materid.  Discusson sessons provided
sudents with an opportunity to engage in issues relating to agriculture, resources, and food by
solving problems and mini-cases in smal groups. The teaching team assigned students to smadl
groups based on diverse learning styles, class rank, gender, fam background, and academic
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mgor. The indructor used computer-based lecture notes in the classsoom, which were aso
avalable to students via the class web dte.  Active learning in the classsoom was supported by
daly “neighbor quedtions” in which groups of two to four students solved problems in lecture
related materia presented during the previous class. Also, students were randomly selected to
participate in the “fishbowl” each class period. Participating students were encouraged to engage
in the materid by providing feedback, answering questions, and fogtering discusson.  Findly,
students were required to complete a web-based “mastery test” of key economic concepts and
ideas presented in the course prior to semester’s end.  Successful completion of the madtery test
required a score of 100 percent, and students were alowed multiple attempts.

Mid- and end-of-semester evauations provided students with the opportunity to evauate
the various draegies and active learning techniques used by the teaching team.  Students
provided Likert scae ratings of how much they learned from and enjoyed each activity.

Students' finad course grade was based on the following weights: a tota of 44 percent for
three midterm examinations, 24 percent for the find examination; 10 percent for the web-based
homework exercises, 19 percent for discusson sesson activities, and 3 percent for neighbor
guestions.

Reaults from the GSD were andyzed usng one-way andyss variance (ANOVA F-test
with an ""-level of 0.05) to explore the relationship between students preferred learning style and
both student performance on each graded activity and the various indructiona srategies used in

the course.?

2 Since individual responses regarding whether students “enjoyed” and “learned from” each instructional strategy
were highly correlated, the analysis considers “learned from” ratings only.
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Ordinary least squares regresson andyss is used to explore the influence of key
variables on students course grades. Students overall course performance can be expressed as:
D G =| (CHAR, LS; INST)),
where G, is the student’s course grade, CHAR,, is a vector of individud student characteristics
such as gender and class rank, and LS, is the student’s preferred learning style.  INST; is a
vector of indructiona drategies expressed through ether student ratings of how much they
learned  (for nonrgraded activities), or through the sudent's actud grade in the activity.
Specificaly, performance variables were sdected based on initid relationships suggested in the
ANOVA , on prdiminary dgnificance testing, and to prevent multicollinearity. They ae
represented by students Likert scale ratings (from 1 = very low, to 5 = very high) of the degree
to which they learned from the lectures, group discusson sessons, textbook, and the class web
page. Peformance varidbles dso include the student's grades for the web-based homework
problems, discusson sesson activities, and neighbor questions. Gender and farm background
are represented in the modd as binary variables. Class rank and academic mgor are represented

as categorica variables, asislearning style (i.e, CS=1, CR=2,AS =3, and AR =4).

Results and Discussion

The objective of this dudy is to explore the reationship among student learning syles,
indructiond  drategies, and dudent peformance in an introductory course in agriculture,
resources and food. Table 1 presents the learning syle profile of the class. Approximately 38
percent of students indicate a concrete sequentid learning syle.  The remainder of the dlass is
represented by reasonably smilar digtributions among concrete random, abstract sequentia, and

abdract random.  The dominance of CS learners is consgtent with earlier studies (Schmidt and
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Javenkoski; Harasym et a.). Of the 186 undergraduate students, 53.2 percent are mae and 46.8
percent are femae, while 37.6 percent have a fam or farm-related background. Approximately
54 percent are freshman, 28 percent are sophomores, 14 are juniors, and 4 percent are seniors, dl

in the College of Agricultural, Consumer and Environmenta Science.

Analysis of Variance

Reaults regarding the influence of learning dyles on student ratings of how effectively
they bedieved that they learned from various indructiond drategies are provided in Table 2.
Surprisingly, only dudents ratings for the magtery tet showed a sgnificant difference among
learning styles. AS and CS learners appeared to learn more from the mastery test than their CR
and AR counterparts.  Students with a sequentiad ordering orientation (vs. random) tend to prefer
programmed and computer-assisted indruction, and sSmulated experiences. Though this result
makes intuitive sense, it is interesing that no ggnificant differences among learning syles exist
for student perceptions of learning through any of the other ingtructiona Strategies considered.

Learning can dso be assessed through student performance in graded activities. Results
of the ANOVA exploring the relationship between learning styles and student performance are
summarized in Table 3. Sgnificant differences among learning syles are demondrated for dl
graded activities, except the group discusson sessons.

Students with a concrete (vs. abstract) perception orientations performed sgnificantly
better on the web-based homework exercisess These exercises chdlenged students individua
problem solving sills through practical agpplications of the economic theory presented in the
classoom. CS learners prefer direct, hands-on experience with the materid and may have
exhibited better attention to detal in completing the problems. Likewise, CR learners prefer
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concrete applications of concepts through practice and examples, are credtive problem solvers,
and enjoy learning independently.

Interestingly, CS learners performed dgnificantly better on the neighbor questions, while
AR learnes did dgnificantly less wel. In the neighbor question format, the ingtructor posed a
written question and asked smdl groups of students to discuss, develop, and submit their answer.
The answers were then graded on a “correct” or “incorrect” bass.  CS learners may have
responded well to the neighbor question format in that they tend to see Stuations as “right and
wrong’, ae dtentive to detall, and readily follow <tep-by-step directions. In contrast, AR
learners often prefer a less dructured learning environment, as well as assgnments that dlow
reflection time. This subset of students may find distasteful an exercise that requires determining
the correct answer within atime congraint.

As expected, no ggnificant difference is evident for student group discussion sesson
activities based on learning dyle.  Students were assigned to groups for the duraion of the
semester based on diversty among learning styles, gender, farm background, academic mgor,
and other characterigtics. The results suggest tha this draegy successully mitigated
performance differences across groups due to learning styles.

Examinations in ACE 100 congsted of both multiple choice and trueffdse questions.
Students with concrete perception orientations performed a a higher level on the three midterms
ad find examinaion®> Once again, the disparity between CS and AR learners is noteworthy.
Thee results are inconsstent with previous research involving Gregorc learning syles, where

sgnificant differences were not generdly observed for students in introductory or upper leve

3 Since examinations represented 68 percent of the overall course grade, student test performance and course
performance were highly correlated.



anima science courses (Borcher, Pinckey, and Clemens, Garton e da.). However, as Schmidt
and Javenkoski suggest, AR learners may not care for the multiple choice or trueffdse question

format, in that they generdly didike restrictions crested by guidelines and rules. 4

Regression Analysis

Regresson andyss is used to invedigate the explanatory power of learning style, student
characterigics, and severa key indructionad drategies on student performance. Severd dudies
have explored the reationship among sudent characteristics and learning styles and preferred
learning activities, with incondgtent results (eg. Rollins Hoover and Marshdl). Though the
ACE 100 teaching team provided students with a wide variety of examples and agpplications,
gudents with farm backgrounds may be more familiar with the agriculture and food system, and
may as a result outperform their nonfam classmates. The potentid influence of the class rank
vaiable is ambiguous. Upperclassmen may be better prepared to ded with the rigors of the class
than freshmen, but postponing such an introductory course until laer in thelr programs may
indicate a lack of acuity with economic theory. Results demondrate that none of the student’s
characterigtics considered in this sudy are highly corrdated with their learning styles.

Students  preferred learning dyle is expected to provide an important indicator of their
overdl peformance in the course.  Since learning Syle is srongly corrdated with performance
on examinations and the madery tedts, these indructiona drategies are excluded from the

modd. However, the influence of other drategies such as course web page, individua computer

* Schmidt and Javenkoski perform an analysis similar to that presented in Tables 2 and 3, though students with GSD
learning style scores less than 32 were excluded from their analysis to ensure that only students with one very
dominant learning style were considered. In contrast, our study reports results based on the student’ s highest score,
whether above or below 32. Though not reported here, we repeated our analysis with a reduced sample per Schmidt
and Javenkoski. However, this resulted in no changes in relative rankings or significance levels.
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problensolving exercises, group discussion sessons, and the neighbor quedtions are
investigated in the modd.

Given tha student performance is complex and often a function of random variables, the
ability of the modd to explain gpproximately 62 percent of a variaion in overdl course grade
seems reasonable. While the effects are not ggnificant, the sgns of the parameter estimates
indicate that males may have performed better than females, as did upperclassmen and students
with fam backgrounds. The coefficient Sgns dso indicate that students who reported learning
from the lectures have higher find grades, while those who indicated that smdl group problem
solving and the textbook enhanced their learning experience peformed less wel.  Again,
however, these effects are not sgnificant.

The five remaining variables in the modd have dgnificant explanatory power. Students
who reported that they learned from the class web page performed sgnificantly less well in the
course than their counterparts. The web page provided a venue for communicating with the
teeching team other then office hours examples of and solutions for midterm and find
examinations from prior course offerings, and access to downloadable versons of the
ingructors  lecture dides. Perhaps students relied on the web-accessble materid ingtead of
information and learning opportunities provided in the cdassoom seting.  Students who
peformed wdl in the homework exercises, discusson sesson assgnments, and neighbor
questions achieved higher overdl course grades. The dgns of the parameter estimates are dl
postive and the effects are highly sgnificant. Though these activities in tota represent only 32
percent of the students course grade, the results underscore the importance of an ingtructiona
approach that encourages active learning and engaging students in the course materid.  And
findly, the sudents preferred learning style has an important influence on peformance.  As
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initidly suggested in the ANOVA, concrete sequentid learners performed better than ther
abdract random counterparts. This difference is conssent over many course activities,

suggesting that the subject matter may be less suited to abstract random learners. °

Summary

In conclusion, the results of this study suggest that active learning and problem:based
learning techniques can sgnificantly and pogtively influence sudent leamning.  Also, this Sudy
suggests that learning syles are important factors in student learning and performance in an
introductory undergraduate course in agiculture, resources, and food. Unlike Harasym et d., we
found that there is a reationship between Gregorc learning dyles and student achievement, and
that both bipolar scaes comprisng four learning styles are important.  In other words, perception
orientation has explanatory power. As such, this study provides an important foundation for
additiona empirica research, and has important implications for educators. Certain ingtructiona
srategies do contribute to student performance, as does a studert’s learning style when identified
usng the GSD. Moreover, atention to dudent diversty when assembling teams for group
problem solving can mitigate the influence of learning styles on performance differences.

However, additiona research and replication of these findings is waranted.  Student
learning and performance is a complex process. Indructors in have an important respongbility
to recognize those factors that influence Student success and to incorporate a variety of

ingtructional strategies and assessment methods to foster and support the learning process.

® Though not reported here, asimilar model restricted to only demographic variables and alearning style regressor
exhibited significantly poorer explanatory power than the current mode! (adjusted R* = 0.07).
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Table1l: Learning StyleProfilefor a Classof 186 Under graduates

% of Classfor Gregorc Style Delineator Score
Learning Style ng?nlsntg;f s M ean Standard Deviation
CS -Concrete Sequentia 37.65 26.78 5.74
CR -Concrete Random 16.47 24.55 5.47
AS - Abstract Sequentia 18.24 24.85 4.88
AR -Abstract Random 19.41 24.00 5.40

Notes. 8.23 percent of students exhibited no dominant learning style.  The GSD ranks a number
of word associations in a matrix and develops a numericd tota for each of the four learning
dyles. The dominant style is associated with the largest number.

12



Table 2:

Instructional Strategies- Results of One-Way ANOVA

ltem CS(n=50) AS(n=19) CR (n=16) AR (n=22) P-value
Lecture 402082 389081 363072 359085 013
Discusson 392" 085 411066 3817083 400093 074
Textbook 316" 1.20 289'1.10 275" 1.13 332" 1.04 0.39
Web Site 338" 101 332'116 319" 1.17 341" 1.22 0.93
PC Exercises 358" 1.05 3.63'"0.90 313" 141 3.64" 1.05 0.44
Neighbor 271" 101 288" 0.85 2.87" 1.30 295" 0.89 0.78
Quedtions

Mastery Test 3.08"0.83 311" 081 2.63" 0.96 233" 1.15 0.01***
Syllabus 402" 084 383'1.03 419" 0.75 400" 0.94 0.65
LectureNotes 424" 097 4.59" 0.80 450" 0.63 453" 0.61 0.29

Note: Agterisksindicate significance at the 10% (*), 5% (**), and 1% (***) leves, respectively.
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Table3: Student Performance- Results of One-Way ANOVA

ltem CS (n=53) AS (n=24) CR (n=17) AR (n=24) P-value
PC Exercises 9351 10.29 87.17'" 16.70 94.07' 11.30 82.29' 21.13 0.01***
Neighbor 59.44 " 14,23 52.06' 1858 56.38'" 15.61 45.08'" 19.47 0.01***
Quedtions

Discussion 91.03'" 535 89.44' 826 8938577 8818878 0.37
Midterm 7141943 6743' 905 7121975 59.67'9.10 0.00***
Exams

Find Exam 79.38'" 13.62 75.29' 10.63 78.29'" 896 68.58' 10.82 0.00***
Course 8272868 7858'9.17 81.67'"6.80 7267896  0.00***

Note: Agterisksindicate sgnificance a the 10% (*), 5% (**), and 1% (***) levels, respectively.
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Table4: Resultsof OLS Regression Analysis of Course Grade

Explanatory Variable Coefficient
| ntercept 34.91***
(5.03)

Demogr aphic Characteristics

Academic Mgor -0.000
(-0.51)
Gender -0.67
(-0.66)
Farm Background 1.01
(0.99)
Class Rank 0.55
(1.02)

Instructional Strategies— Student Rankings

Lecture 0.30
(0.51)
Smadl Group Problem Solving -0.53
(-0.92)
Textbook -0.32
(-0.77)
Class Web Page -0.78*
(-1.76)
Instructional Strategies— Student Performance
Homework Exercises 0.22+**
(5.24)
Discussion Sesson Activities 0.29***
(5.24)
Neighbor Questions 0.11***
(3.01)
Learning Style -1.49%**
(-3.73)

Notes: Adjusted R = 0.62, Prob >F = 0.00. Asterisks indicate significance a the 10% (*),
5% (**), and 1% (***) levels, respectively.
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